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Abstract 
Aluminium metal matrix composite is a relatively new material that has proved its position in automobile, aerospace and other 
engineering design applications due to its wear resistance and substantial hardness. Need for improved tribological performance 
has led to the design and selection of newer variants of the composite. The present investigation deals with the study of dry 
sliding wear performance of Al5083-10 wt. % SiC composites fabricated by Ultrasonic assisted stir casting process. Dry sliding 
wear tests have been carried out by using Pin-on-Disk wear test rate with normal loads of 10N, 20N, 30N, sliding distance 754 m, 
1131 m, 1508 m and sliding velocity 0.42 m/s, 0.63 m/s, 0.84 m/s at constant time 30 minutes. Experiments were conducted 
based on the plan of experiments generated through Taguchi‟s technique. A L9 Orthogonal array was selected for analysis of the 
output. Investigation to find the influence of applied load, sliding speed and sliding distance on wear rate, during wearing process 
was carried out using ANOVA and regression equation were developed for 10% SiC reinforced Al-5083 AMMCs. Objective of 
the model was chosen as “smaller the better‟ characteristics to analyse the dry sliding wear resistance. In this research it is 
observed that applied load has the highest influence followed by sliding distance and sliding speed. Finally, the experimental 
results were validated by the confirmation tests. 
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1. Introduction 
Conventional monolithic materials have limitations in achieving optimum levels of strength, stiffness, density, 
toughness and wear resistance. To overcome these shortcomings, discontinuously reinforced aluminium metal 
matrix composites (DRAMMCs) are gaining importance due to their high specific strength, high stiffness, low         
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density and good wear resistance and they have the potential to replace their monolithic counterparts primarily in 
automotive, aerospace and energy applications as reported by Rohatgi, P.K.et al.(1986)and Mahendra, K.V. etl 
al.(2007). 
Fabrication of MMCs has several challenges like porosity formation, poor wettability and improper distribution of 
reinforcement. Achieving uniform distribution of reinforcement is the foremost important work. A new technique of 
fabricating cast Aluminium matrix composite has been proposed to improve the wettability between alloy and 
reinforcement. The application of ultrasonic vibration on the composite during melting not only refined the grain 
microstructure of the matrix, but also improved the mechanical and tribological properties of composites. Wear 
performances of particulate reinforced aluminium matrix composites reinforced with SiC and Al2O3 were compared 
by Hosking FM et. al.(1982) found that SiC particles was more effective than Al2O3 particles for the improvement 
of wear resistance of Al matrix composites due to the high hardness. Lee CS et al.(1992) stated  that SiC particles 
reinforced composites have better wear resistance than that of Al2O3 reinforced composites. The tribological 
parameters that control the friction and wear performance of DRAMMCs like load, sliding velocity, sliding distance, 
reinforcement size and reinforcement volume fraction have been reviewed in detail by Sannino and Rack (1995), In 
present study dry sliding wear test has been carried out on  Al5083-10 wt.% SiC composites by using Pin-on-Disk 
wear test rate with normal loads of 10-30N, sliding distance 754 m, 1131 m, 1508 m, 1885 m and sliding velocity 
0.42 m/s, 0.63 m/s, 0.84 m/s and 1.04 m/s at constant time 30 minutes to find the influence of applied load, sliding 
speed and sliding distance on wear rate, Scanning Electron Microscope were done on wear surfaces. 
 
2. Design Of Experiments (DOE) 
Design of Experiment is one of the important and powerful statistical techniques to study the effect of multiple 
variables simultaneously and involves a series of steps which must follow a certain sequence for the experiment to 
yield an improved understanding of process performance as reported by Taguchi G (1990). All designed 
experiments require a certain number of combinations of factors and levels be tested in order to observe the results 
of those test conditions. The DOE process is made up of three main phases: the planning phase, the conducting 
phase, and the analysis phase. A major step in the DOE process is the determination of the combination of factors 
and levels which will provide the desired information reported by Fisher R.A.(1951).Taguchi techniques have been 
used widely in engineering design. This method is useful for studying the interactions between the parameters, and 
also it is a powerful design of experiments tool, which provides a simple, efficient and systematic approach to 
determine optimal process parameters. Compared to the conventional approach of experimentation, this method 
reduces drastically the number of experiments that are required to model the response functions.Taguchi has used 
Signal–Noise (S/N) ratio as the quality characteristic of choice. The plan of experiments is generated in Taguchi 
method by the use of standard orthogonal arrays. The experimental results are then analyzed by using analysis of 
mean and analysis of variance (ANOVA) of the influencing factors reported by taguchi G et. al.(1987) and taguchi 
G (1993). 
 
3. Experimental procedure 
3.1. Materials 
AA 5083 Aluminum alloy was used as the matrix material in the present investigation and has the chemical 
composition as shown in Table 1. The aluminium alloy was reinforced with 10 wt.% SiC to synthesise the 
composite through Ultrasonic assisted stir casting  
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Table 1 Composition of AA 5083 Al alloy 
 
Elements                                                                                              Percentage (%) 
 
Zn                                                                                                        0.03 
Fe                                                                                                         0.173 
Ti                                                                                                         0.04 
Cu                                                                                                        0.0181 
Si                                                                                                         0.16 
Pb                                                                                                        0.0140 
Mn                                                                                                       0.526 
Mg                                                                                                        5.13 
Cr                                                                                                         0.097 
Al                                                                                                         Balance 
 
SEM analysis of the SiC particles are shown in the fig.1.The SiC particles size was 400 mesh and average 
particles size was 35 μm SiC (99% Pure) .  
 
 
 
 
Fig.1: SEM analysis of Micron size SiC particles 
 
3.2. Synthesis of Al-SiC composites 
Ultrasonic assisted stir casting was used to synthesise the micron composite. The matrix alloy AA 5083 was first 
superheated above its melting temperature 7600C. A vortex was created in the melt due to continuous stirring by a 
stainless steel mechanical stirrer with a rotational speed of 450 rpm. At this stage, the preheated (4000C) 10 wt. % 
micron SiC particles were introduced into the melt. Stirring was continued for about 5 minutes until the interface 
between the particle and the matrix promoted wetting and the particles were uniformly dispersed. Then the 
ultrasonic probe (1200 watt, 21.22 khz frequency and amplitude of vibration 40 micron) was inserted into the melt 
for 5 minutes for the uniform distribution of SiC particles in the melt. Composite melt was degassed using Nitrogen 
gas.. The melt was then superheated above the liquidus temperature and solidified in a mild steel permanent mould 
to obtain cylindrical samples. Sliding wear test specimens were machined from as-cast samples, to obtain cylindrical 
pins of diameter 09 mm and length 30 mm. The specimen faces were then metallographically polished. 
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3.3. Experimental set up and procedure 
Dry sliding wear tests has been carried out using a computerized Pin-on-Disc wear testing apparatus (Model: TR20-
LE, Wear and Friction Monitor, Ducom, Bangalore, India) .The dry sliding wear tests were conducted as per ASTM 
G99-04 standards. The pin was cleaned with acetone and its initial mass was measured using a digital electronic 
balance.  In these tests, a cylindrical sample alloy and composites of 09 mm in diameter and 30 mm in length is hold 
against a rotating disc made of EN-31 steel and a required normal load was applied through a lever mechanism. The 
hardness of disc was 64 HRC and surface roughness was 0.1 microns. The surface of the pins and the disc are 
ground using 200 grit emery paper prior to test. Care has been taken that the specimens under test are continuously 
cleaned with woollen cloth to avoid the entrapment of wear debris and to achieve uniformly in experiential 
procedure. The difference between the initial and final mass of the pin gave the mass loss due to sliding wear. The 
volume loss due to wear was calculated by the use of corresponding density values of the pin. The wear rate of the 
composite pins was then calculated (ratio of volume loss to sliding distance). After the tests, the worn out surface 
(tribosurface) of test specimens were observed by scanning electron microscope (SEM) to study the wear 
mechanisms. 
 
 
 
 
Fig. 2 pin-on-disc sliding wear testing apparatus 
3.4. Plan of experiments 
The experimental plan was formulated considering three parameters (variables) and three levels based on the 
Taguchi technique. The levels of these variables chosen for experimentation are given in Table 2. 
 
 
Table 2: Parameters and their levels 
 
Level Load, L (N) Sliding speed, V (m/s) Sliding distance, S (m) 
    
1 10 0.42 754 
2 20 0.63 1131 
3 30 0.84 1508 
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Dry sliding wear test was performed with three parameters: applied load, sliding speed, and sliding distance and 
varying them for three levels. According to the rule that degree of freedom for an orthogonal array should be greater 
than or equal to sum of those wear parameters reported by Roy K R(1990) and Paulo Davim, J.(2000) a L9 
Orthogonal array which has 9 rows and 3 columns was selected as shown below: 
 
 
Table 3 Orthogonal array L9 of Taguchi 
 
Experiment No. Column 1 Column 2 Column 3 
 
1 1 1 1 
2 1 2 2 
3 1 3 3 
4 2 1 2 
5 2 2 3 
6 2 3 1 
7 3 1 3 
8 3 2 1 
9 3 3 2 
 
A set of experiments were performed based on the run order generated by the Taguchi model. The response for the 
model is wear rate. In Orthogonal array, first column is assigned to applied load (L), second column is assigned to 
sliding speed (V) and third column is assigned to sliding distance (S) and the remaining columns are assigned to 
their interactions.The response variable to be studied was wear rate. The Signal to Noise (S/N) ratio, which 
condenses the multiple data points within a trial, depends on the type of characteristic being evaluated. In this study, 
“smaller the better” characteristics were chosen to analyse the dry sliding wear resistance. The S/N ratio for wear 
rate “smaller the better” characteristic given by Taguchi, is logarithmic transformation of the loss function, is given 
as: 
 
S/N = -10 log [1/n (Σy2)]                                                          (1) 
 
Where y is the observed data (wear rate) and n is the number of observations. The above S/N ratio transformation is 
suitable for minimization of wear rate. The response table for signal to noise ratios show the average of selected 
characteristics for each level of the factor. This table includes the ranks based on the delta statistics, which compares 
the relative value of the effects. S/N ratio is a response which consolidates repetitions and the effect of noise levels 
into one data point. Analysis of variance of the S/N ratio is performed to identify the statistically significant 
parameters. 
 
 
4. Results and discussion 
The aim of this paper is to find the important factors influence on wear process to achieve the minimum wear rate. 
 
 
4.1 Results for Statistically analysis of wear rate 
The experiments were conducted as per orthogonal array and the wear rate; S/N ratio results obtained for various 
combinations of parameters are shown in Table 4. The experimental values were transformed into S/N ratios for 
measuring the quality characteristics using MINITAB 15.  
 
 
 
 
508   Ravindra Singh Rana et al. /  Procedia Materials Science  6 ( 2014 )  503 – 511 
Table 4: Results of L9 Orthogonal array for AA 5083 / 10% SiC Composites 
 
S.No. L (N) V (m/s) S (m) Wear rate 
(mm3/ m) 
S/N ratio 
wear rate 
 
1 10 0.42 754 0.00205 53.7649 
2 10 0.63 1131 0.00216 53.3109 
3 10 0.84 1508 0.00224 52.9950 
4 20 0.42 1131 0.00249 52.0760 
5 20 0.63 1508 0.00258 51.7676 
6 20 0.84 754 0.00240 52.3958 
7 30 0.42 1508 0.00349 49.1435 
8 30 0.63 754 0.00276 51.1818 
9 30 0.84 1131 0.00284 50.9336 
 
 
The Influence of control process parameters such as load, sliding speed and sliding distance on wear has been 
analysed. The ranking of process parameter using signal to noise ratios obtained for different parameter levels for 
wear are given in the table 5 and table 6.  
 
 
Table 5 Responses table for Means wear 
 
Level Load Sliding velocity Sliding distance 
 
1 0.002150 0.002677 0.002403 
2 0.002490 0.002500 0.002497 
3 0.003030 0.002493 0.002770 
Delta(∆) 0.000880 0.000183 0.000367 
Rank 1 3 2 
 
 
 
Table 6. Responses table for S/N ratio for wear  
 
Level Load Sliding velocity Sliding distance 
 
1 53.36 51.66 52.45 
2 52.08 52.09 52.11 
3 50.42 52.11 51.30 
Delta(∆) 2.94 0.45 1.15 
Rank 1 3 2 
 
 
 
The control factors are statistically significant in the signal to noise ratio and it is observed that applied load is the 
dominant parameter on the wear rate followed by sliding distance and sliding speed.  
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The main effect plot for mean, S/N ratio for the wear and interaction effects plots between the process parameters 
are also shown in the Fig. 3(a), 3(b) and Fig. 4.The significance of each parameter is determined from the inclination 
of the mail effects plot. A parameter for which the line has the higher inclination will have the most significant. It is 
very much clear from the main effect plot for wear from Fig. 3(a) and main effect plot for S/N ratio from Fig. 3(b) 
that parameter L (applied load) is most significant parameter while parameter S (sliding distance) also has some 
significant effect. To study an interaction plot means to determine the nonparallelism of parameter effects. If the 
lines of an interaction plot are not parallel, it suggests that there is nominal interaction occurred and if the lines 
interact each other, then strong interaction occurred between the parameters. Fig. 4 shows that there is strong 
interaction between the parameter load (L) and sliding distance (S) while there is moderate interaction between the 
parameters L and V and between V and S. Thus from the present analysis, it is clear that the applied load (L) is most 
influencing parameter for wear characteristic of Al-10% SiCp composites. 
 
 
      
 
Fig.3 Main effects for plot for (a) Means Wear Rate (b) S/N Ratio –Wear Rate 
 
 
 
Fig. 4: Interaction effect of process parameters on wear rate 
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4.2 Analysis of variance for wear rate 
The experimental results were analysed by analysis of variance (ANOVA) which is used to investigate the influence 
the wear parameters like applied load, sliding distance and sliding speed. By performing the analysis of variance, it 
can be decided which factor dominate over the other and the percentage contribution of that particular independent 
variable. Table 7 shows the analysis of variance results for the wear rate for three factors varied at three levels and 
interactions of those factors. This analysis were carried out for the confidence level 95%.Sources with a P value less 
than 0.05 were considered to have a statistically significant contribution to the performance measures. 
 
 
Table 7: Analysis of Variance for S/N ratios 
 
Source DF Seq SS Adj SS AdjMS F P 
 
 
Load 2 13.0151 13.0151 6.5075 25.33 0.038 
Speed 2 0.3809 0.3809 0.1904 0.74 0.574 
 Distance 2 2.0758 2.0758 1.03379 4.04 0.198 
 Residual 
Error 
2 0.5138 0.5138 0.2569   
  Total       8 15.9856     
 
 
It can be observed that for aluminium 10% SiC Metal Matrix Composites, from the Table 7, that the sliding distance 
has the highest influence on wear rate. Hence sliding load is an important control factor to be taken into 
consideration during wear process followed by sliding distance & sliding speed respectively. The interaction terms 
has little or no effect on wear rat. It is inferred that the applied load has the highest contribution on wear rate 
followed by sliding distance & sliding speed. 
 
5. Multiple linear regression model 
 
A multiple linear regression model is developed using statistical software “MINITAB 15”. This model gives the 
relationship between an independent / predicted variable & a response variable by fitting a linear equation to 
observe data. Regression equation thus generated establishes correlation between the significant terms obtained from 
ANOVA analysis namely applied load, sliding speed & sliding distance.  
The regression equation developed for Al / (10%) SiC MMCs wear rate is as follows 
 
Wear Rate (mm3/ m) = 0.00140 + 0.000012 S (m) - 0.000437 V (m/s) + 0.000044 L (N)  (2) 
 
From Esq. (1), it is observed that applied load play a major role on wear rate and it is highly influenced by load 
followed by sliding distance.  
 
VII. CONFIRMATION TEST 
A confirmation test is the final step in design of experiment process. Dry sliding test were conducted using specific 
set of parameters to validate the statistical analysis. After getting the optimum label of process parameter it is 
necessary to carried out the verification test to evaluate the accuracy of tests and to validate the experimental results. 
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Table 8: Confirmation test for wear rate 
 
Experiments Load (N) Sliding distance(m/s) Sliding speed (m) 
 
1 15 800 0.45 
 
2 25 1300 0.73 
 
 
 
Table 9: Result of confirmation test and comparison with regression result 
 
S. No. Experiment wear rate 
(mm3/m) 
Predicted Wear rate 
(mm3/m) 
% error 
 
    
1 0.011932 0.011464 3.9 
 
2 0.018906 0.017781 5.8 
 
 
 
 
 
6. Conclusions 
Following are the conclusions drawn from the study on dry sliding wear test using Taguchi technique. 
1. Applied load has the highest influence on wear rate followed by sliding distance and sliding speed for Al-
5083/10% SiC composites. 
2. Regression equation generated for the 10% SiC metal matrix composites is used to predict the wear rate of 
above composite for intermediate condition with reasonable accuracy. 
 
3. Confirmation experiment was carried out and made comparison between experimental values showing an 
error associated with dry sliding wear are 3.9 % and 5.8 %. Thus design of experiments by taguchi method 
was successfully used to predict the tribological behaviour of composites. 
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